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The present invest? gat ion has been mainly 
directed towards understanding the influence of grain 
boundaries, and other defects on carrier flo\T m surface 
barrier devices* V'lth this in vieir, basically Ltwo types 
of studies had been carried out. One v^as related to 

investi^^'ation of carrier transport mechanisms in MOS diodes 
on pol5’'silicon substrate. The other approach -was to develop 
various becbniques to characterize grain boundaries and to 
study their influence on electrical parameters of the device 
These bypes of studies were useful for gaining better insist 
into the device operation on polysilicon material, particular 
ly in view of the fact that MOS tunnel structures on poly- 
silicon can be advantageously used as photovoltaic power 
converters. 

MOS tunnel diodes were fabricated with gold as the 
barrier metal on Packer n-type polysilicon, and with alminum 
• as the barri-’r metal on Packer p-type polysilicon. The 
diode current -volt age characteristics and capacitance-voltage 
characteristics of these devices were measured ove? a wide 
range of temperature, in order to identify the dominant 
transport mechanism. Plots of InJ^ vs 1/T, l/nT, and T wuere 
obtained and a detailed analysis was carried out, iU-so, 
for better und erst and mg of grain boundary influences on 
carrier “flow, a comparative study was attempted by eraminai^ 
conduction mechanisms in M)B diodes on single crystal silicon 



substrate. The results indicated that ^ depending upon the 
presence of traps in the silicon space charge layer and the 
magnitude of change in band bending ’'’•ith temperature in silicon, 
the dominant transport aieohanism in these devices on poly-- 
silicon substrate could change ‘from thi=rmionic emission to 
thermionic field emission to mulbistep tunneling. It it9s also 
established that any hasty conclusions drawn without suf.icient 
experimental data could lead to erroneous interpretetion of 
the dominant mechanism. 

The electrical activities of grain boundaries were 
investigated in polysilicon mateT^ial. For Wacker polysilicon, 
it was found th'^t grain boundaries had a weak influence on 
electrical parameters of solar cell, and the collection 
efficiency of photogene rated carriers was nob affected much in 
the vicinity of grain boundaries. Large grain bounda^ry 
potenbial barriers irere not observed in IJacker pol3?'silicon, 
while an exemnetiou of i'lonsanto polysilicon gave some indica- 
tion of existence of such barriors. The results on Packer 
polysilicon were quite encouraging and gave promise for 
efficient solar cell performance when fabricated on this 
material. 



1. IM'.l ODUCl^I OI^ 

Receni: interest in the investigation of carrier transport 
mechanisms in IIOS tunnel diodes on polysilicon stems from 
their potential use in inexpensive large scale terrestrial 
applicaxion when used as solar cells. MOS tunnel diodes with 
the ozK^e thickness in the range 15-30 i have been used 
profitably as MOS solar cells [1,2]. In these devices there 
can be a number of carri3r transport mechanisms with a different 
one dominating over others in different temperature ranges. 

Rven for a given device at a particular temperature, the same 
mechanism may not dominate over the entire bias regime [3-6]. 

In polycrystalline material, grain boundaries and other struct- 
ural defects can also have varied influence on the carrier flow. 

It IS importaiit bo investigate the carrier transport mechanisms 
as it controls the overall performance of the cell. The mechanism 
which r^c'Vtces the diode current but leaves the light generated 
current- uu-'disturbed results in a larger value of open circuit 
voltage than others. Also, the diode ideality factor can have 
different values depending upon the conduction teechanism and 
influence the open circuit voltage and the fill factor of the 
cell. Por understanding and improving the performance of MOS 
solar colls on polysilicon, an investigation of carrier trans- 
port mechanism in these type of devices coupled with the 
characterization of polysilicon material is essential. It is 
of considerable interest to review major developments in 
these directions. 

As these type of studies are highly interrelated, a combined 
study would provide better insight of the influence of gram 
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boundaries on electrical p^'rometers of the cell and resolve 
some of the basic questions regarding the device operation on 
poly crystalline xnat ?rial. 

1.1 Ga,r ri or trn n siport mechanisms in SB/MOS diodes 

An important means of gain3.ng physical insight into the 
current transport mechanisms in SB/MOS devices is to study the 
dark current-voltage and capacitance -voltage c'''aract eristics 
over a wide range of temperature. Considerable amount of work, 
theoretical as well as experimental, has been carried out in 
this direction and conduction phenomena of SB/MOS devices have 
been clarified bo some exbent, yilson [7] tried to explain the 
recti£ying acbion in SB diode in terms of quantum mechanical 
tunneling of electrons through a barrier, but it was soon realis- 
ed that this mechanism predicted the wrong direction of current 
flow. However, Padovani et al. [8] and later Crowell et al. [9] 
presented theoretical and experimental results showing that the 
Ij^-V ciiracteristic of Schottky barrier formed on hi^ly doped 
semiconductors can be interpreted in terms of the field and 
thermionic field emussion over a wide temperat\#e range. These 
were develo monts in carrier transport model for tunneling across 
the barrier. 

The observed direction of rectification in metal-semicondu- 
ctor diodes was explained by two distinct theories namely, 

Schottky ’s diffusion theory and Bethe's thermionic emission theory. 
Crowell and Sze [10] developed a bheory in ?jhich both of these 
theories were incorported into a single thermionic emission 
diffusion theory as a generalized model for carrier transport. 
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Padovani et al. [11-13] and Saxena [14] investigated the 
current“Voltage characteristics of Au-G-aAs, An-Si, Ni~Si, 

Cr-Si systems over a tnde temperature range, They empirically 
found that the characteristics were dominated by a peculiar 
'Tq’ anomaly. was found to be a constant with the 

dimensions of temperatui'e and independent of voltage and 
temperature over the temperature range studied. When "Tq’ 
was added to the absolute tomnerature 'T* in the exponential 
terms of the Ip*"^ characteristic, their experimental data was 
easily explained. In this case, diode ideality factor 'n' can 
be written as n;=l + and is temperature denendent. Padovani 

[15] also studied the reverse charaoteristics of Au-GaAs 

Schottlcy barrier diode above room temperature and found that ther- 
mionic emission is a dominant mechanism for the reverse conduction, 
but his results corld not be explained by the image force 
lowering theory. 

Ariznmi et al. [16] investigated transport properties of 
Schottky barriers on silicon surface with Ag, Au, Cu as barrier 
metals and reported temperature independent value of the diode 
ideality factor over tho tempera bure range 100-350 with 

= 0. Until now no satisfactory explanation for the 
observed temperature anomalies has been given, 

Saxona’s [14] work provided a way to distinguish between 
the thermionic emission, thermionic field emission, and field 
emission mechanisms of carrier transport. However, when two or 
more conduction mechanisms are simultaneously responsible for 
the diode current, Saxena 's procedure may not be adequate to 
identify tho mechanism of carrier transport. 
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Most of the Schottkj'- barrier diodes invesbigated had 
invariably an oxide thickness of 10 Efforts have been made 
during the past fe-vr years in the direction of investigation of 
carri-^r transport mechanisms in MOS tunnel diodes ith 20-40 
thick ozic'c mainly because of their potential application in 
photovol bales. The effect of oxide thickness on various mecha- 
nisms of carrier transport can be incorporated by means of an 
oxide transmission coefticient [6],Kar [3»4,17] demonstrated 
possible mechanisms in these devices in his experimental 
investigation of the effect of oxide thickness and interface states 
on the diode current in 103 tunnel diodes. It was pointed out 
that thermionic emission-tunneling, re comb mat ion- tunneling via 
interface states and pure tunneling from accumulation layer 
could be the mechanisms which contribute to the diode forward 
current at room temperature. 

Recently, Tarr and Pulfrey [18] have carried out measurements 
on Al-pSi MOS solar cells and reported the minority carrier 
injection as the dominating transport mechanism over the 
temperature range of 0-50 °C. This conclusion has been drawn 
mainly on the basis of the value of activation energy (1.19 ± 

0.013 eV) from the activation energy plot. In this case, 
measurements of capacitance-voltage characteristics at diff- 
erent temperatures were not carried out to obtain information 
regarding the barrier height. Also, information regarding 
barrier height and interface states from independent sources 
suen as small signal admittance and photoemission measurements 
is essential before drawing any firm conclusion on the basis of 
current-voltage characteristics only. Such type of conclusion 
can be erroneous. 
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t rans;;^ort inGchanism in liOH timnel) diodes on polysilicon substrate 
this is possibly due to the genera,! belie:? tb.a,t pol^^'silicon may 
not produce roasoiaable sola,r cell efficiencies. How that it 
is possib3-8 to achieve this, a systematic and detailed study is 
to bo undertaken to und e-rstand the influence of gra.in boundaries 
on carrrier flow, Sar et al. [5] have investigo.ted carrier trans- 
port rnechanisras in MOS diodes fabricated on P'-type TJankerr poljr- 
silicon with r-d.uminuna b;ar:oier' metal, and in SOS diodes fabricated 
by chemical spra 3 ^ing' of indiiim-tin onide on n-type single cry- 
stal silicon. It h.as been pointed ou.t that, at room temperature, 
mnltistep tunneling through the silicon barrier ca,n be the 
dominant transport 'aochanism. In these devices, slopes of 
Inijj-Y ch .'.racteristicn were found to be temperature independent 
and Inl^ vs,T plot was linea,r. Also, the diode cu.rrent Twas 
we.akly dependent on teinperaturre, Sunh tj^pe o:? m.echanism is 
possible in these devices in presence of a distribution of 
trap levels in the bari-ier rep,ion. In poljrsilicon material, 
grain boundaries present tra,p levels in the barrier region, 
while in SOS diodes traps may be introduced during chemical : 
spraying or ion bean spaitter ang . Such type of tunnel-assisted 
transport procerss was detected before in c<ase of p-n hetero- 
junction [19,20 j, as well cis in the case of ion beam sputtered 
II'O: on p'-tj^'pe silicon SOS diodes [21], It has been pointed 
out in the lito ./aturce [ 22J that fluetua,tions in physical para*- 
Dietars over the diode a,.rea could cause ambiguities in the 
determi-ation of the mechanism o:C current transport and this 
cannot be ruled out foir the diodes on polysilicon substrate. 

In addition to current-voIta.ge and capacitance-voltage 
measurements a.t different temperatures to narrow down the 
probable conduction mechanisms, need ai’ises to invent ig,ate the 



these rievicos hy separate 
p ro vid e inf orin,at io n ah out 


means. Siich. tyiao of stticlj?' uould 
grain hounrlazcj' potentia,! ha,rriers 


which may impede the carrio 


flow ciiirl f'’et ermine the device 


char.ncterist ics. 

1 , 2 Sf f_.^jt.s .p;f ^rpiin h,ound,ar ie.s _in pplysl]-.icp.o, _s o_l ar ^ cells 

G-x’ain houndaries are believed to be the most dis,astrous 
defect and play ^3 a dominant \'-ole in determining the overall 
performance of the poljrsilicon solar cell. Various electrical 
activities of grain boundaries depend on a number of factors. 

Some of these fa-ctors can be the columnar or non“COlum.nar nanbure 
of ,gr?,in, whether a, potential barrier erists at the grain boundary 
and nature of the device conf iaparatiouj i.e. whether pn or SB, 
etc. 

In recent years scrao efforts h.ave been ma.de to characterize 
bound .-ir-ies and to ct\idy their influence on the devn.ce 
performance. 

Experimental work of Card et al. [23] and Seager et a,l.[24] 
invokes ;a mo'-i el rrhich proposes thw prese- 'Ce of potentia,! barriers 
located at the grain boundaries. These b.armiers affect the 
device characteristics in various ifaj’s depending upon .whether 
the confiauration is pn or si -rf ace barrier. The effect of 
icotential barriers at the grain boundaryf on the perxormar:'ce of 
HOS solar cells has boon discussed in deta.il by S. Bhattacharya 
et ;al. [25] . 

The influence of crystallographic defects .a,nd the defect- 
impurity complexes in p--n ■ junction sod.ar colls on Wa.clcer 
polysilicoii anad Bl'G' silicon, ribo on na,s been studied bj^ C.V. 

Hari Rao ot al. [26]. The electrical activities of defects were 
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investigated in the scaaining electron microscope operated in 
electron bea,m induced, current (EBIC) mode. It was found that 
recoaiDinat ion processes in t!ae vicinity of the grain hounda-ry 
regions lead to a decrease in the electron beam induced current 
while twin b oundarcie.j were not fotiiid to be effective. Variation 
in collection efiiciencj'' of photogene rated carriers can be studied 
bj using a photon beam scanner also. This method has an additional 
advantage over jIoIG technique in that more detailed information 

can be obtained b 3 ' using light sources of suitable vravelengths. 

Fischer et al.[27] investigated the effect of grain size on 

the overall performance of the cell and pointed otit the advantage 
of using Wacher cast polysilicon material witli relatively large 
grain size (-150 um) and columnar striacture. On this material they 
coi.ild achieve 10’/ AiH efficienc 3 r with p-n junction configuration. 
Studies on p-ii junction solar cells indicate ) the possibility of 
achieving acceptable values of efficiency on polysilicon material. 
This shows some p.romise for lotf cost photovoltaic p)Ower generation 
but increased diffusion in the grain boundarj^ region and the loss 
of photocarriers in the dead layer which becom.es more serious in 

polycrystalline material sets them at a disadvantage. 

Surface barrier devices have several advantages over the con- 
ventional p-n ho.mo junction configuration such as inexpensive fabri- 
cation pi.-'ocess, simple structurej and possibility of using less 
expensive niate.rial for f abric-ation. Low temperature processing 
involved in fabrication of these devices avoids degradation of mino 
rity carrier life time which is more important in poly crystalline 
material. Among variotis surface barrier ’configurationss. the poten- 
tial ability of I'lOS sola,r cells on single crystal silicon has been 
widel 3 i" demonstrated in the past. If MOS cells Ion polyslli-con provide 
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stability 
low cost 


and aceeatable vr^liae of efficiency, these cells on 
olysilicon material will furtaer bring down the cost 


of photovoltaic yowo.r generation. 

MOo solar cell on Waciver cast polysilicon was first repor- 
ted 05^ Lillington end 'lounsend [28], On Al-pSi MOS with A.R 
coating, the 3?' could obtain V - 523 mV, = 22 mA/cm^s V = 0. 7^ 

and '0 = 8.S% . 'this demonsti’ates that if design parameters of 
the cell are opt iml^ied , higher value of efficiency could be 
achieved. The performance of MOS solar cells on hacker cast 
polysilicon has boon also iv.westivgated b3r S, Bhatt acb.ar3aa et al, 
[29]. For MOS solar cells on n-typo pol5W3ilicon with Ag barrier 
metal, V^^ = 515 mV, = 27.0 ml/crn^, V = 0.71, 13 = 9.9^ 
obtained. Per aOS solar cells on p-type polysilicon with A1 
barrier metal, V = 4o7 mV, J = 18.2 rnA/cm^, P = 0.69, h = 

5.9/f obtained md no AR coating w>as used on these cells. 

The lo'^Tor value of in ce,sc of A1 ba,rrior metal was due to 

higher ref l>3!ctioii5 boit this can be increased with the help of AR 
c o at i leg . Th e s e ro sul b ! u gh couraglng. Also, it appears from 

the high value of fill factor that grain bound. o.ry shunting 
effects are negligible. 

The results indicate that reasonable value of efficiency 
can be achieved on pols^silicon surface barrier sol,ar cells. 
However, in ord ir to reduce: or eliminate the unfavourable effects 
of grain boundaries and to reali/Se a steady improvement in the 
performance of poly.silioon solar cells, different techniques need 
to be d -velo pad t o chai'-a.cterize gro.in boundaries. 
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1,3 Sco2~e__oX. tJio„.j3reseir'G ^’rork 

I'he n.im of pi'ejor'b vork aas ’beer to sbvdy the cor''"ier 
troaisport iuechcuaiOiGy in nOS timne'' devic'^o on poljvsilicor and 
to invesbifote bhe xiiflneacc of grnin ■boundaries on the device 
performance. MOS bu'^cel diodes irere fabricated for this purpose 
on Wacker cast polysilacon. Current-voltage and capacitance- 
voltage ireasuremeabs at different xeu-’perabures in dark were c.arried 
out in order to investi^^ate the earner transport mechanisms in 
these devices. A comparative studs?" ixas also attempted by 
examining the conduebeon "'echanisms in the devees wife identicsil 
fabrication conditions cn sin^D o crsf^stol silicon substrate to gain 
better understanding oi g.-’'''3n boundary i fluences on the carrier 
flo-"T in polsrsilicon p:sto'’'’iri . 

Yorious tech-lques T?'are developed to characterize gr^in 
boundaries. An. attempt I’-as made to examine gr'^in boundarj?' 
potential b-^rriers me.isrvemenbs across gram boundaries. Room 
temperature sbudms on a number of dots on tbe solar cell arrays 
were tp''v.en up in order to invesbigoto bbo inj'luerce of grain 
bourd.arieo on bhe various oloctrical parrjae'cors of the cell. 

In this case, some of tbo dots "'rere compleboly inside the grain, 
and others were over a va,rying number of p mcp^ndiciil ar groin 
boundaries. The effoebs of gram boundaries on the light 
,enerated current ■'''cro studiod Tribb c photon beam scanning 
arrangemont. f'hese typ<j,3 oi studios ^^ould provide information 
about various o'! jc'cncrl activities of gram boundary barri^i-s and 
other defeccs in polysilicon material- and load to a better insight 
into the dovico operation. 
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2. THOi)E^TICia 

2 . 1 Carrier ^tx^ansj^ o rt mechanism s in surf ac e J3 ar rie r diodes 

2.1.1 [^o^sslble. transT) ort mechanisms 

In case of surface barrier devices such as MOS and 
SOS diodes ; thexe can be a number of caT^rier transport 
mechanisi^s Trhich contribute to the diode current. In both 
MOS and SOS diodes, the potential barrier is formed at the 
silicon surface. In SOS diodes, the interface states at 
the oxide ~ degenerate semiconductor interface and located 
inside the degenerate semiconductor band^ap are localized 
while in MOS diodes states at metal -■ oxide interface 
are not localized. However, as far as the possible 
uaechanisms of earner transport in iiark are concerned, the 
diodes hardly difier [5]. Ihe energy band diagram of an 
HOS tunnel diode on p~type semiconductor under forward bias 
has been shown in fig* 2.1. Ihe possible carrier transport 
mechanisms are thermionic emission (process a), recombination 
tunneling via interface states (process b), thermionic field 
emission (process c), field emission (process d), multistep 
tunneling (process e), minority carrier injection (process f), 
and recombination in the s'^'ace charge region (process g) 

[ 3-6 ] . 

2.1.2 D epen d ence, p_f carri er transpo r t me chani sms on device 

•paramete rs 

The foim^ard current of an MOS tunnel diode is 
deteraiined by a number of carrier transport processes 
(a-g). The relative magnitudes of these mechanisms depend 
upon various parameters, such as, barrier height, density 
of interface s tabes, doping density of the semiconductor, 
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bias voltage > and bempe^'’ature of the device [3,5]. An. 

oxide layer of thickness < 35 S is tunnelable to carriers. 

The effect of an oxide layer on the transport mechanisms 

can be taken into account by an oxide tunneling transmission 

coefficient [6], The oxide tunneling transmission coefficient 

is not a constant but depends upon a number of parameters 

5 

such as i oxide composibion, image force effect, device 

voltage, oxide thickness, and density of interface states. 
This has been discussed in detail elsewhere [l]. 

Generally in these devices, one observes that the 
forvrard current-voltage characteristics consist of three 
regions. The lo-'^ bias regime is dominated by the recombina- 
tion current ( process g). This current is relativelsr more 
important at ] ozr temperatures and in materials with low 
life time. The high bias regime of the current-voltage 
characteristic is dominated by the series resistance effect. 
In bhe intermediate voltage regime, a number of processes 
(a-f) can domiiiate. The carrier transport mechai^ism in this 
bus rsgime is of mooe interest as it determines the overall 
performance of the solar cell. These processes are briefly 
discussed below. 

Process as In bliermionic mode of carrier transport, the 
majority carriers ovoroome the silicon barrier by pure 
thermionic emission bbere upon tunnel through the thin 
oxide layer. In tiis case, the total potential barrier can 
be treated se^'erabely in terms of the silicon barrier and an 
oxide barri'^r. The I’esultant current density is determined 
b;r multipl/in/i, the thermionic current over the silicon 
barrier by a tunneling trranmission coefficient. The 



12 


expression for bhe ■bhermionic-tunnelxns current density 
(Jjj) ta‘ es the form [17] s 

= ^ox '^0* (iV/nkT) (2.1) 

^'-xore, (V) is the oxide timnelin^ transmission 
coefficient, n is the diode ideality factor. The 

expression for the diode saturation current density can 
he Tjritben ass 

Jq = A* T" exp (-q (^M). (2.2) 

Pro c ess h ; The transibion of majority carriers from the 
silicon majorit;’’ carrier ha3td into interface 

states by recombination and bhen tunneling through the oxide 
into the ineta,! causes an excess current. The recomh inaction 
tunx'ieling cur'-’ent assumes importance trhen either the 
inbcrface siate densiby is high, or the thermionic tunnel- 
current is lo-?r because of high silicon harrier or 
lou temperature, and at the lower values of the fo^^Tard 
voltage [4,30,bl'j. llecomhinabion-bunneling current densitjr 
can he written os [3]: 

hjl = P %s (2,3) 

Proc ess 0 and Process d; Under certain circumstances, it 
may he possible for the mojority carriers to penetrate 
the seDiicondiictor harrier hr direct tunneling. At suh" 
room temperatxires, bhermionic -field emission (process d) 

IS the likely mechanism, and at low temperatures, field 
eiAission IS tlie likely mecaanism. The upper limit of 
temperature for bbeso processes would ex bend further for 
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highly doped semiconductors. Except for very low value of 
forv'rard bias, the relationship for these mechanisms 

can he represented as [6]; 

Jp = exp (V/Eq) (2.4) 

xfl-here Eq = coth ( q_ EQQ/kT) for bheimiionic (2.5)^ 

field emission, 

= ITqq for field emission (2.6) 

a«a Boo = V2 ' (2.7) 

In equation( 2, 4) , is vealcLy dependent on bias, and is a 
complicated function of temperature, barrier height, and 
semiconductor parameters. Under simplifying conditions, this 
equation reduces to the form t 

= aV exp (-q g^/nkl)., (2.8) 

for thermionic - field emission. 

P roc ess e; In presence of large niimber of traps in the 
silicon harrier r g'on, multistep tunneling (process e) is a 
possibility. In this process, majority carriers tunnel bj'' 
hopping via traps in the barrior^layer. For such a 
mechanism, the diode current has been reported to be weakly 
dependent on to iperature [19-21]. The fortrard current- 
voltage characteristic is expected to be of the form [I9,20]s 

l-Q = Jq (®1)» (2.9) 

where A is a constant practically independent of voltage. 

In equation (2.9), Jq is a linear function of temperature. 
Such type of mecha-ism has heen observed by several investi- 
gators [5,19“21]. 
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£.rqc,e.ss _f i jl'IXx'v erifcy earner iftjeccion car "be che controlling 
luochanisn, if the ha.rri3r height is sufficiently large to 
suiJpress tb e mao on b 3 '' earner floir, Per this meclianism, the 
cur ’eirb"VOl bage relationship can he uritten as; 

Jjj = Jq e-:p (o7/nkT), (2.10) 

n>rhere a exp (-Sg^/kT), (2.11) 

2#1, 3 Identif icafcio n of dominant tra nsport mechanisms. 

Ib can be seen from the above discussion that, the 
cg-rrent-voltage characterisbic of an tunnel diode is the 
most difficult to interpre'b. Several mecbaiiisms can occur in 
parallel and it is very duCficuOt to separate and identify 
a dominant mechanism coxitributing to the diode current in a 
particular diode, in effective meens to nanov do^n the 
possible dominant meciianisms is to measure tbe current- 
voltage and high f requenej’' capacitance-voltage ^characteristics 
of bhe device over a vide range of teraperature. In addition 
information ahoub interface state density can be obtained 
from small signal aclmitt ance-voltage character!, sties in the 
fon-rard bias regime. But tins is possible only in thicker 
oxides. 

Prom forward current—voltR,ge characbern sties at different 
temperabures, Jq can bo obtained at each tempeT’ature by 
extra Delation of the linear region of In ebardet eristic 

to zero bias and piobs of In Jq as a ''unction of 1,1/nT 
can be made. If thermionic eraissioi of ]n 8 iorit 3 r carriers 
over the top of the silicon barn t or r.anority carrier 
injection is to be bhe dominant transport mechanism, then 
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one obtains linear In “7 cbaracteris c?-cs over a 
range of tempecafeure Titli a temperature inrie 'leac^ent diode 
ideali-ity factor close to unity and a linear riot of In Jq 
against 1/T [5,6,14]» It at each, temperature, the value of 
the hai’rior height olotained from the l/C^-V plot is close 
to the value of the bai’rier height obtr^ned from the activation 
erorgy plot, and if it is much diffe’^ent from the handgap, 
thon the th^.,rmiouia imlssion' is the most lilcely dominant 
'uecnanism. In this case, nl is expected to ho a linear 
function of T [I4j. However, seperation bett^eeu thermionic 
emission and minority carrier inioction booomi j difficult, .if 
the value of the barrier height obtained 1‘ron the activation 
energy plot is nob much different from bandg^p. One can 
also obtain a linea.r plot of In Jq ageinst J /T irhen rocombi- 
nebion current d omieateo . But in this case, the value of 
the acbivation energy obtained is very muca different from 
and IS closG to E^/2, 

A linear In Jp-7 can also be obtained for therraioaic 
f io3d emission, field omission, or muT bistep tunneling 
mechanisms. If the diode currenl is temiierature dependent, 
and if the plot of In Jq against 1/nf is lieoar, then 
thermionic field v^mssion is the likely mochanism. In this 
case nT is expected to be a non linear function of T at low 
temperatures [14]. In case of field emission and multistep 
tunneling mechanismo, dependence of the diode current on 
teMi'irature is negligible. j.'or these mechanisms, the In 

plots at different temperatures have eoual slopes, and 
In Jq varies linearly with f, The distinction between those 
'cuo mechanisms becomes difTicult at lot- tejgperatures. However. 
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at hi£,h teiripera'curos, I’leld emission is not prolDable and 
multistep tunneling con be eXj^ecbod to bo bhe dominant 
mechanism. 

The idea of taking current-voltage and capacitance- 
voltage characterij bics over a temp -•“rat are range 77~400 
often exists in literabure, to identify the bransport 
mechanisms. HoT^rever, bhe same mechanism may not dominate 
over the entire temperature •"ange, and t'io'''’e can be difi’ereiit 
transport mechanisms in different temperature "ranges. 

This has been reported recently by S, Ashok et al [32]. 

2 . 2 Grain b ound a r.^ s tud lo s 

2.2,1 T ransport, a cross arain bounder ip^ 

Polycrystallinc silicon consists of a large n-umber of 
randomly orient od grains of different size and shape -which 
are separated by grain boundnries. Apart from physical 
disconbinuties arising from grain boundaries, other def'ects 
such as dislocations, stacking faults, and impurities can 
also be present. These dofocts can have waned infl'p.ence 
on the carrier flo^r, Itecent reports on the measurements of 
the resistivity of polysilicon proposes the presence of 
potential barriers at gram boundarios [23,24]. Grain 
boundary potential barriers are formed in semiconductors 
because the chemical potential in the grain boundary region 
is shifted from the bulk value duo to the lack of perfect 
periodicity. Also, deponding upon the method of preparation, 
the gram boundary regions may contain o large number of 
Xjoint defects, impuribies or other phases. This also ccan 
result in a shift of tho chemical potential. 


If the grain boundary region has a lower chemical 
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iiotential for majority carriers than tho bulk, then the 
rosulbant infills: of majoriby carriers to tho bounda-ry would 
nocussarily loac? to the formation of a depletion region in 
orrier for charge neutrality to bo Piaintained and thus 
creating a potonbnl barrier. This barrier trill impede normal 
transport o-^ majority carriers, Hotreve- , it is quite 
possible that the opposibe shift of the grain boundary 
chemical potenbial can occur, i,o. , the gram bounda.ry region 
has a higher chemical potential than tPo bulk^ In this, 
case, the resultant space charge layer is an accumulation 
reg'ion which has negligible influence Oii majority carrier 
transport. 

The energy band diagram of tho region of an n-type 
semiconductor, describing two semi -inf inite grains and one 
grain boundary, before and atter joining hes been shown in 
Fig. 2.2 (a) and Fig. 2.2 (b) respectively. It has been 
assumed that the chemical potexotioX in the grain boundary 
region has a lower value than the bulk of the semiconductor 
grains. In equilibrium, the accumulated charge near 
2:?=0 causes the energy bands to bend upwards by an amount 
AB-o. It has been proposed that the majority carriers 
overcome the barrier bj^ thoT^mionic e^aission [54,5S]. In 
this case, minority earn -ts which arrive at the barrier 
edge will bc( bransported ^<uickly to bhe grain boundary. 
Additioiiril barriers can be inbroduced to the carrier flow 
bocem'se of large perturbations of tho bandgap caused by 
local distortions or the presence of substantial amount of 
second phase ot the 'jrain boundary. Those barriers would 
causo the grain boundary transport properties to differ 
considerably from the simple model discussed above. 
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2,2.2 B ff.eqt of qr q, ir 1 ound ar ic r on elec brio a l cha,racteristics _ 
Tho influence of gram botjn(^ariGS on electrica] uar'^metei^s 

<r 

of the solar cell uill dep'^nd upon the njbure of grain 
bo'and''riGS, fransverso “rain 

boundaries, idiich snbersoct the current aris of the cell, 
can cause a catastrophic loos in the collection of the 
optically generated carriers. The loss of photocarriers 
decreases with the gram boundor3?' making a smaller angle 
Tj-ith the current axis. The grain boundary will have the least 
effect upon the coll eob ion of photo carriers when it lies 
parallel to the current axis. The influence of such gram 
boundaries as rocombination sites will bo very small. Hence, 
the columnar natiiro of the indmidual groin is always 
preferred to generobo acceptably efficent solar cell perfor- 
mance on polyoryst-'l line substrabe. The columnar grains can 
affect the devDce b'^aracteris c j os in various ways depending 
upon a number of factors. Tbe'-e are whether the 3 unction is 
pn or a surface barrier, whether a potential barrier exists 
at the gram boundary, and whethBr the conduction along 
the bourda-ry is easy or difficulb. In surfo.ce barrier 
cenf iguration of the sola’” cell, tho diode current is due 
to the transport oC majf-rity carri^jrs, xrbile the light 

generated current is due to the transport of minority carrier's. 
In this case, Ihe exisbence of potential barriers will 

affect the diode and light gonerabed cxir^'ent in a different 

manner. Suppose that the potential barrier formed is in 

such a way as to attract minority carriers towards the 

grain boundary but ropel majority carriers. In this case, 

the diode curronb shoud-d not bo affected unless the material 

contains a largo nuvber of grain boundnraos. Mow, if the 
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coiiductiOii al^n^ tho srain 'boundary is easy then, short 

circuit cur?’ei’t not be altered much in tho presence of 
Srain bound -ry. IIcT’-ever, it ttiII got reduced if the conduct- 
ion along the bou'dary is difficult. 

Uou, au,;]jO !c that the potential barmer formed is in 

such a way ac to rittracb infii 3 ority carriers but repel minority 

carriers. In this case, the short circuit current density 

may not be alb '■■red much, ilow, if bho conduction culong the 
grain bound'^ry is C'^sy, then tho diode current will increase. 

This Trill result in - lower walue of open circuit voltage 

and tho fill f-'ctor and Trill degr'^do bhe device performance. 

On bhe other hind, if the conduction along tho grain boTui- 

d'^ry ID difficult, the diode current may nob be affected or 

can even get reduced. This T-rould load to higher value of 

open circuit volxagc [25]. It can be seen that the surface 

barrier solar cells are expected to perform better on poly- 

cryst""lline substrate. In pn junction solar cells, the 

diode current and bho light generated current arc influenced 

in the same rnamior 'by the si bu at ion in tho grain boundary 

rogion. This would sot them r^t a disadvantage. 

It has been reported that grain boundary potential 
barriers m-'y no g exist undor illumination [37], However, 
the grain boundarios continue to act as re comb in a.t ion sites 
.ind '^TQ responsible for the photovoltaic properties of poly— 
silicon sol.ar cello. Eecent experimenbs of Se.ager et al. 
[33,58] indic-’te tha.t preferential diffusion of certain 
foreign chemical species into the grain boundaries would 
promote significant chajages in the density of defect states 
in the gra,in bcjundary regions. This can bo used to advantage 
in cn.Ge oC surf'^ce baxFier solar cells. 
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3 . p apcjiDjj ip 

3 . 1 Dexi-Q^ lo n 

The essential stejs involved in the Pabrication of MOS 
tunnel devices on ''i’i;;le crystal silicon and polysilicon are 
surface c3-ea''^inr,> ^ro un^ a thin interfacia,! oxide layer, 
evaporation of the barrier ’letal at the front followed by 
evaporation of tlie bach ohnic contact. In case of the device 
Cabrication on polyoilicon to study gram boundary potential 
barrisrs, the steps involved are surface cleaning and evaporation 
of ohmic conta.ct metal on the front surface. The fabrication 
sequence of these devices is shown in Pig. 3.1* -All the 
labrication steps Tjere cari’ied out in clean room environment. 

3.1.1 Surf ace cleaning 

Surface cleani^i.g is the starting and critical process in 
the fabrication seouence and was carried out on single crystal 
and polysilicon wafers. P“ty,:e single crystal wafers (111) of 
0. 1-1,0 Ohm, cm. resistivity had polished front and lapped 
back surfcce. i^-tj^'pe pol 3 ''silicon wafers of 1,0-10.0 Ohm. cm, 
resistivity and p-type polysilicon irp^ers of 1.0-10,0 Ohm. cm. 
resistivity were obtained from ■’I'/achor Chemitronic, Monsanto 
p type polysilicon wafers of 0.1-0. 3 Ohm. cm. resistivity were 
also used for making devices. The grams were of dif'-'erent 
shapes gud di‘.iensions varied between 1 and 0 mm. Sui^face cleaning 
included degreasing with organic solvents followed by chemical 
etching with acids. The wafers were cleaned in a clean chemical 
bench, and all solvents and acids used were of electronic grade. 
Chemical etching was found to be the most critical step for the 
removal of damaged layer from the surface of polysilicon. For 
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polycrystalliiie material, steps lollof e>I ir se rjnee ^<rere as 
f olloirs. 

(i) 'Ihe water was degrerserl by treating in 'v-rarm tnchloroethy™ 
3-eno for obouc 2 minutes ar^d t’len in irarm acetone lor 2 
minutes to remore traces or tricliloroet’iylene follotred by 
XTarming in methanol for romoving traces of acetone, 

(ii) The ^’’afer was then che'.iiciLly polished by otchitig in Sv 

mixture of CP4 anri (Isl) for 2 minutes to remove the 

dauiagod s\irfa-ce l~yi^ "ror.i 'it' or sacie. 

(iii) The water was riised Jn c'oioniv.cd xrator several tuies to 

,omovo braces ox acidf-j. 

For Mons-.-nto xaafer, chemical polislung resulted in 
unsmooth xra3 ■'r surf. ace stcr (ii) was replaced by etching in 

HF bo remove .any orido l.ayer present on the f,rafer surface. 

The cleaning of single crystal silicon involved step 

(i) as mentioned a,’oovo follu’red bj'' the steps below, 

(ii) The - Ux r ^tes :d in HF bo '’omove the intrinsic oxide, 

(ill) The wafer xrao x”.ns 'd in deionized x’^ater several times to 

remove traces of iTF. 

(it) This was folloxfed by treating the xt'^fer in KITO^ for, 

about 5 minutps to ,;,ro^f an oxide about 50-60 A° thick, 

(v) The waCer x^as rinsid in deiOxOized X'^ator several times to 
romovo traces of a''0^. 

(vi) Ths x«7n Ter xras etchod in JIT ag.ain to remove Cresbly groxen 

oxide, 

( vil) Fina,lly, the xvaf or was x-’insod sevoxa'.l. times in deionized 
xrater to reiiovo traces of IIP, 

♦ 
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Stops (ill) (v) Tfore necossary to avoid chemical etching of 

tho surface xr’iicli voulci da-iage the oriatness of the surface. 

After this surface cleaaing process, the wafer surface came 

out hydrophohic and fras ready for further processing, 

Imnod latelj” after chemica.1 cleaning of the wafer, a thin 
intcr^.'cial layer of oxide xfas grown at s high temperature in 
dry 0 / 1 ^ >n. The oxidation was carried out in a horizontal flow, 
open end SO im'> i.d. fused silica tube in a three zone Thermco Spar- 
tan furnace. Dry oxygen was bubbled through a liquid nitrogen trap 
before admitting into the fiprnace tube. Afte'^ loading, the wafer 
was ’^’ent at the mouth of the tube for a short time to dry the wafoB 

surface completely before moving into the hot zone. The oxide was 
groirn at a temporatur^ of 700 and at an oxygen pressure of 1,0 

atmosphere for GO seconds. The oxygen flo’r rate was more than 1.0 

lib’o/min. for tnv.se oxidatioji conditTons, the tliickiness of the 

oxido layer w .s found to be 20 % [3^], The oxide of this thickness 

IS tuniclablj co c?riiers and has been reported to be optimum: for 

the solar cell performance [1,2], 

3,1.3 hv ^tallizata on 

The metallization was carried out in an oil free high vacuum 
oyscc'i (Graimille Pnillips Co. USA, series 252) having a digital 
ruartz crystal thick ’gss monitor (Perkin Elmer, USA, Model 605-1210), 
To minimize oil contamination liquid nitrogen traps were used with 
rotary and dii us ion pumps. 

For evaporation of aluminum and gold, tungsten helical fila- 
ment \ras used, A tungsteh conical basket was used for silver evapo- 
ration. The mot ,1s evaporated ^rere obtained in form of wires, 1.0 

to 1, 5 mm in di I'leter and had 5'H purity^ The tungsten filamentw 
were thoroughly degreceed in -rrarm trichloroethylene, 
acetone, and methanoli and were then outgassed in 
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■vicutLin ‘b,y pnssl^^g i^her current than, that required for 
eT'^pontion of u-'^b Is, The luotrls vere d og"G~i'-jed in the same 
procedure usad for ii''-.ie.ibs end dagassed before an evoporation. 

At the biiiiG 01 * dege.GSi'ig, a ohucter ■^’■^3 tept betueen the source 
and the subsbioto in oi-ier to prevent coiitaiainabion of the 
substrate surface by any J oreign volatile species coming out. 

To ensure a UjiiforG filji and to reduce sobsbrato heating, the 
source to sub sb rate distance iras hept more then 10 cm. 

Or n-typo silicon Au, Ag uere used as bariuer metals and 
AL TT-n used for the nluuc contact. On p-type silicon, AL "was 
used IS bar Her laob.l and Au, A1 tjere used ^s ohmic conbact 
me bale. The cboice of barrier metals and bhiiic contact 'metals 
havo been discussed in detail elsewhere [ij. 

2iOo tunnel diodes xrith bhick mota.l layer were fabricated 

on polysilicon is t^’cII ■'S on .sii'Tc crystal silicon in order to 

study c.'irrier truispoct iieci n-i i o i Tlrick circular dots of 

0.4 rind 0.5 mr diameter of tae barrier motal wore deposited 

through molybdenum a sko on t’ne dront surface. This was folloT^ed 

b\^ deposition of o'''mic cont'^ct met il on the back surface. The 

rate of d'.jposition lo'-’ the back contact md r’lick dot w.is kept 
o 

ibovo 10.0 A /sec. 

Thin mobal la/v)/ doposibion wos curriod out oin poly- 
silicou -for studying -fcho photovoltaic behaviour of MOS tunnel 
diodes wibh nolysilicon as subsbrrate and arrays contained some 
dots inside the gram and others located ovoi’ varying number 
of grain boundaries. Metal layer thickness was in the range 
of 50 to 120 i and the deposition rate between 1.0 and 6.0 
iVo-c. Also, largo area solar cells with diameter 5 to 7 nan 
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were fabricated on pol 3 ^ 3 ilicon aaad were 


analA’sis. 


used in the photon bean 


Arrays con.oisting of 0.4 and 0.5 nn. dianeter dots arere 
also made on polA^silicon to study grain boundary barriers. 

I'liiclc ci.rciilar dots of Al were evaporo.ted through, molybdenum raa,slr.s 
on one surface of the n-type wof.er o;ad' ,an A1 strip .about 1 mm 
in xridth wo.s e'vaj'orated neiar the edge of the warfer. Au xa’"'S evap- 
orated similarly on p-txrpo polysilicon. fhe choice of the raetal 
wa.s dictated by the fact that this .should form ohmic cont.act 
on polysilicon, for ^jiy barrier forEi,a,tion would, other-axrise 

obscui’G the effects of gr.ain bound.s^ry potentia.l barrier. 

-~5 

The chanbsr pressure x-ra.s kept x^^ell below l.OslO torr 
during .all ev spor.ations. 

3.2. Me,a,sxirei aant s 

3.2.1 Measure me nts, at, dlf:Le.re nt .tenip e .rature.s. 

A simplo heating sirrangement consisting of two polished 
brass discs with .a heating elenent wound on a mica shee't in 
between aras emplo-f.ed. This w.as fitted closely in a hollowed 
or.t teflon block. The device was mounted in a shielded, light 
tight box, on .x gold plated brass disc, which formed one 
content terminal. The temperature of the disc x^a.s accurately 
measured ■:^ith the help of a chromel-alumel thermocouple and a 
Leeds an'''. Morthrup typ.e G 6 7l ruillivol.t pot 0 ntiom.eter. The 
teraxjor;.'‘t lire of the disc was controlled precisely within 
+ 0.5 °C by ,a teiunrature controll'Cr, The front contact on the 
device was laade with the help of a telesconic spring pi-obe with 
•a ver 3 ^ sharp tip. Ca,ro i-r as talceh. to prevent any lat 6 rQl 
move■ment of the bloclf. after the front contact was made. The 
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current-voltn.ga raid c.apacit,'ince“Voltage TaGr,su3rem0n'fcs x-rere 
car3:‘iod out in dark at vaT?iou.s values of temperatures. 

5 . 2 . 1 . 1 Curr eiit-Vo It aA^e Ho a.sujre. ment s 

file circuit diagram used for the measurement of diode 
current at differs 'it values of bias is sb.oxm is . 5-2 (.a). 
Kea.surenents laero carried out in dark. The diode cu’irent .a.s a 
function of ap' lied bias i-r.a,s plotted on a semilogarithmio girapj^. 
fho diode ideality factor n was obtaaned from the slope of the 
linear region 03 : tho forward In Ip-V cho-ractoristic using the 
relation n=(q/kT) (dV/d Inip). The reverse saturation current 
Iq was obtained. by extrapolating the linern" region of the forvrard 
In plot to aer’O bi'is. I'b.is was used to determine the 

barrier height, fho series resistance was obtained from the 
linear range of the characteristic. 

3 12,3.. 2 0 ap a c it aiic e ~ Vq l t ago Me asr re mont s 

I'he capac italic e-volt. age cluaracteristics xiere me.a.sured ,a.t 
100 Ml 2 using the set up shown in Fig. 3.2 (b), Ihe a. c. 
signal voltage of the capacitance bridge was kept below 15 mY 
peak“-to-p8;al£ ’.to avoid a.n.y inaccuracy due to the non linear charge 
voltage rel^atioii of 1iio device. 

The device c.apacitaiice was measured at regular bias 
intervals up to cons id o.r. ably large rove'-se bias values. The 
plot of reciprocrl of the squared caiacitance a,s a function of 
bias was a straight lino. The doping density and the zero bias 
silicon band bending were obtained from the slope of the 
straight line rvnd the intercept on the bias axis, respectively, 
by using the relations [ 1 , 4 q];. 
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®aopng = 2/(''.es.ln(l/C")/aV), (3.1) 

fl = '^intsroopt 

n = -^int.roet.t + 

Tho zero ‘bxn.s Tocrri^r hoight t^'is ott^inod nccording 
bo bho rolx'cioriG; 

Sil^ = 9 ° + 0 ^, (3.3n) 

0 ^ = 9° + a . (3.3b) 

X5 1 P 

3.2.2 Stu(3i oG o n ^rrn , in bou ndary e ffects 


VpiriouG "bochnicjuGS ^'Tqx'o developed for ch.o,i*p.ctG oizing 
grnin ■bound''rie!3. 

To study tho eifoeb of gv'^in boundaries on the 
electricil p-^r-'raoto rs of tho solar cell on polysilicon, 
current -volt age and capacitanco-voltage measurements were 
c am lid out 't room oonpernture in dark on number of dots 
in the coll .arr^y. Heasuromonts were m'’do on the dots 
loc 'ti^'J over ^ single gr^in and a varying number of gra.in 
bounlai’ies. Tho (3ev3co was mounted in -> shielded, light 
tight box, on a fnator cooled copper block which formed one 
contact terminal. The other contact was made to the dots 
•(rit’a tho help of a very sharp tip telescopic probe, Dun33g 
measurements under illumination, the box cover was uncovered, 
Tho procodure for currcnt-volt ago and capacitance-v-oltrfge 
‘measurements has boon {=’iscuosed in 3. 2. 1.1 and 3*2, 1.2, 
rospectively. For the same dots, tho values of open circuit 
voltage coK^ sii03.’t circuit current densitj?- under AMI 
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illiOTlijr'tiori V 3 33.30 >0 srrG(3. A'll il3 uuin-'tion xras 

sifiiu3-3 bod xnth. the ’iol3' oi n, 150 V tun^stoxT Ir^irp and checked 
with bhv. help of ,i cow.' jrcioJ- OCLI P"n j-unction solcr coll. 

A ohoton hoc 'I scc,n.rLing arr 3 nge''umb xrn.s cet up to ctudy 
bhe of oct or ox>f^in bound ''■nos and other iriperPect ions on the 
lighb gonor-'ted current of bhe sol.ar cells on polysilicon, 

Opbics of this arrangeu }nt in shown in Pig. 3.3. This consisted 
essential 15 '' of ui .arr.mgewont bo focus tho ligi^t coming fx'om 
a collimated source bo a very fin.s beam of loss bhan 0.5 mm 
in dia'iotor. Tho f’oeussed ber'm ’^7 s made to fwll over tho solar 
cell mounted on a, gold lolrtod co"per block, stationed on the 
raicropositioner pl.atforr' of the microscopo with X-Y movement 
capability eii-^hling one to move the device in bhe X or Y 
direcbion relative to a station, a.ry light beaui. IVo spring 
prob-' at bachment was provided bo aal'e conbact on the sample. 

Tho liobon-oeam-induced current xr.is me-sured a,s the sample 
was sc-'inned by a 3.ipi,nt bean. The grain structu'^e of the device 
was vioTTed throucb a microscopo. 

Gr.ain bound -^ry potential barriers wore emamined by 
m3,asuring the ciTi’ent-voltage characterista cs across the gramn 
bound, ary. The arrangement for mounting the device .and making 

contact w.ao the s.mae as described above. Contacts x^ero made 
on bhe sbrip .and tho dot or between two dots so that only* one 
grain boundary was incornoratod botxreon thorn. Measurements 
of current -VO It .a,ge ch.ar. set eristics xfere ca.rriad out in dark 
and ploted on a linear graph, kext, two or more grain 
boundaries x^oro incorporated between bhe conta,cts and the Srome 
measurement 0 were repoatod. 
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4. pJisui'i's iu® disgus^iQIIS 

4.1 carrier 

4.1.1 ms, d l odePi on 

rIOS diodes uith aluminujo as the harrier metal ^^ere 
fahricated oa p-tvpe single crystal silicon wafers with 
bulk resistivity of 0.1 to 1,0 Ohm. cm. The oxide thickness 
was about 20 A. The back ohmic contact was gold for all 
these devices. Porvrard current-voltage characteristics 
of these devices were measured in dark at dif- erent tempera 
tures spannxng the range: 294 to 414 °K. Corresponamg 
high-freiiuenoy measurements rere also oamed out in dark. 
Temperature ol the device was controlled accurately with a 
temperature controller, and the maximum error involved in 
temperature measurements was ± 0.5 °C. The measured current 
voltage characteristics at different temperatures have 
been presented in i’ls. 4.1. Corresponding 0 oharaoteris- 

bios are shown in Tig. 4.4. I'he important experimental 
data ohtained from these measurements have been listed in 
Table 4.1 for s representative device. The doping density,^ 
calculated from the slop, of C’^-V characteristics correspond 
to the hulk resistivity data obtained on this material. ^ 

The hulk yermi level ?(j, was calculated from the experimenta- 
lly ohtained doping doffsitj,' ilhe device area was moasurea 

' xmdor a microscope. 

It car. bo soon from Table 4.1 that with Increasing ^ 

0 

temperature, the zero bias band bonding decreases and 

t.^e ,T^ue of 1>TA3Lk lermx potential increases. According 
to the energy band diagram given in Fig.2.J, 
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0 

L 





A part of change in (p vzbh teT-perature can be 

1 

accounted by the change in the band sap "G^ and the bulk 
Fermi level It is also expected that the work function 

of the me'ual and the electron affinity of silicon would 
change ritii temperature, although there does not seem to 
be any ezi'erimenta,! data to support this i:6]. It may 
De noted that, over the entire temperature range the 
total change zero bias silicon bandbending, ^,9°, is 0.12V, 

whereas (S^Al ~ 9^-p) is 0.10 V, cf. , [ppibie 4.1A 
Hence, /- 9^ can be, more or less explained by the change 
in the ba,ndgap and the bulk Fermi level with temperature. 
Attempts can be made bo relate the change in the interface 
state charge with the change in the Fermi level position, 

Sut , this would lead to contradiction of the experimental 
results, fxperimenballj’', (9° + has been found to 
decrease with temperature (cf, , fable 4.1). This would 
mean that bhe Fermi level at higher temperature will be 
farther away from the conduction band edge at the Si~SiO ^ ' 

interface. The result is that the interface state charge 
becomes less negative due to a change in occupancy of 

the interfa,ce states. This would cause a decrease in the 

0 

oxide potential V which should lead to an increase in 

V A. 

(9° + This is in contradiction with the observed 

behaviour of (9° + 9^^) with temperature. The Inl^^-V 
characteristics of the device exhibit fairly good 

1 

exponential behaviour over 2-3 decades of current. 
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cf . , Pij. ^,1. ilecom'binafcion and interface recomlDination-- 
tumiGlin,^ compoients seem to be negligible. The diode 
Ideality factor n has been obtained from the slope of the 
linear region of the Inlj^-V characteristic. The value of 
11 I'i more or less constant e-?:cept for the highest temperature, 
^I'l *^K. The ertrapolabion of the linear region of the 
lnlp“7 cLarac teristics to ero bias gives the reverse 
saturation current at each tamperature . The corresponding 
current densities listed in Table A.l have been used to 
obtain activation energy plots of InJ^ vs l/T and 1/nT, 

These plots have been pi'esented in Pig. 4.2. It can be 
seen that both plots are equally linear. However, the 
value of the barrier hei^t obtained from the InJ^ vs 1/nT 
plot comes out to be 1.08 7, whereas the value obtained from 
InJ^ vs l/T plot IS 0.76 7. It can be seen that the value 
of the barrier height obtained from the InJ^ vs 1/nT plot 
IS more close to the - value of (9° + cf. , Table 4.1. 

Tho relation for thermionic emission can also be used to 
calculate the value of the barrier height from the 
intercept of the linear region of the forward lnIjj-7 
characteristic, assuming that the, carrier transmission ' 
coefficient through tho oxide as unity. However, it may be 
observed from Table 4.1 that while (9? + decreases 
with temperature, 0^ increases. Pig. 4.17 contains plot 
of nkT/q vs kT/q. and it is evident from the nature of the 
plot that thermionic emission is the likely mechanism [14]. 
The variation of InJ^ vs T has been presented in Pig, 4.3. 

|ii,© non linear relationship observed bet-^aen In.!^ and T 
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indicates that the field emission is not the prohahle 
mechanism of earner transport in this device, 

4.1.2 MO S_^ 5 ipd,e s o n polys il inoii 
4 . 1 , 2 . 1 1 IO,S_ d lod es on n-type polvs ilicon 

I'he neasured for^.’-ard current -voltage characteristics of 
a typical MOS device A1 25 P 05 on p-type polysilicon, are 
presented in J?ig. 4.5. C'orrouL)onding l/C^-7 characteristics 
are shown ii Pig, 4 , 8 . Measure meats were taken for the 
dev3.ee temperatures of 294, 514, 554, 554, 574, 534, and 
414 °K, (Eho diode had gold as the hack ohmic contact. The 
interfacial layer tnicLness was abort 20 The results of 
mcacurements on this de\rice have been summarized in Table 
4 . 2 . The behaviour of (p° 0 ^} and with temperature 

^ X I? 

IS similar to trhal has been observed in the case of MOS 

diodes on p-typo single crystal si 33 con. In this case, 

the total change in zero bias band bending between 294 and 

594 IS 0.25 V, whereas 4 ( is 0.10 V, cf , , 

Table 4.2, It cait be seen that the total change* in 
only ^ 

/be pa3rtially accounted by the cOT^ocsnondiiig change in 
and Also, as has been divscussed in sec. 4.1.1, 

the behaviour of 9 ? with temperature cannot be explained 
by change in the interface states occupancy due to the 
shift in the bulk Permilevel. The Inl^-V characteristics 
of ti^ig, 4.5 indicate an exponont3,al behaviour over 2-5 
decades. The value of the diode ideality factor n is 
found to be constant except for the ^i^est , temperature 
at which the device characteristic mi;^t havp undergone 

3* > » t 
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a chajige duo to constai.it heating. In Fig. 4.6, 

been plotted as a Function of 1/T and 1/nT. It can "be seen 

the t jlie plot of InJ^ vs l/n'!' is linear, whereas the plot 

of IhJq vs l/I deviaires from linearity. Ihe value of the 

"barrier height D’otained from l^iJ^ vs 3 /nf plot comes out 

to 1.04 "V, voice IS close to the value of (9° + of., 

i 

Table 4.2. For this device, the p3.ot of InJ vs T is linear* 
This IS some indication of the presence of a tunneling 
component contributing to the diode current. However, from 
Fig. 4.17, it can be .seen tliat the plot of nlcT/q vs kT/q is 
linear. This indic tes lint pure tunneling is not the 
dominant trensport mechanism [14j. 

It snould be noted that, in presence of a tunneling 
component, the value of barrier height 0^, obtaxned(cf . , 

Tabic 4.2) fro.Ji Jilq. 2.2 by assuming thermionic emission as 
the dominant moclianism, may not represent the true value. 

4 . 1 . 2 , 2 _cl l odes on n - bvpe nolvsi l .icon 

Studies havo boon conducted on Au n-Si MOS diodes on 

I * 

polysilicon substrate and the oirperiment ally observed values 
of various parameters of two typical diodes have been 
summarised in Tables 4.3 and 4 , 4 , These devices had an 
interfaoial layer thickness of about 20 % and the back ohmic 
contact was aluminum. 

Figures 4.9 and 4.12 represent the Inlj^-T and 1/C^~Y 
chaTaoteristics, respoct Lvely, of device Au 76 P B3 at 
device temperatures of 298,- 516, 336, 357, 376^ 3’96, and 
415 In Fxgsfc 4.13 and 4.16 are presented the Inlj^-V 

characteristics, rfespectiveI|-,‘ of device iu 
^ P B5 at det'ice temperatures of 307," 327 , 345 , 365 , 385, 
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'j'alolJ 4.3 cojTtaiis t'le iir.portrin.t expo cimairbal data for the 

deT3co Au 7b P B3. Pho variatioia of 9 °, 0-^, and ( 9 ° t 

with uem ■'orabur'c ollows simxlar treiad as ohservod for 

0 

nos diodos. Since cp° = (0^^ - / -0^ for n-type 

semiconductor, a part of chan^o in 9 ° with boraporature can 

he explained as du-j to a cor -esponding change in the bulk 

Pormi lovol 0^,. However, bhis does not completely account 

for tliG totv=il change in 9 °, i.e, 9 ° = O.I 6 ¥, whereas 

^ 1 

^0p IS only 0.09 V, cf . , Table 4.3. 

Per this device, the general features of the Inl^j-V 
characteristics and the nature of InJ^ vs T l/nT, and 
T plots, are similar to those oftdevica A1 25 P 03. Ike 
died i ic-eality factor is found to he temperature independent. 

Table 4.4 lists the data obtained from Inl^-V and l/C^-Y 
characteristics on dovice Au 56 ? 25. Por this device, 
d> 9 ° = 0.28 V, in the temperature range 307 to 425 
Tills change is very largo and can not be accounted by tbe 
shift in the Fermi level with tompe'^ature. 

The Inijj-V chairict eristics presented in Pig. 4.13 do 
not follow the tircnd as has been obse-nrod in case of devices 
A1 1 B2, il 25 P 03, and Au 76 P 23. An unusual feature 
of those cheracterisbicG is that the slope is temperature 
independent. Therminnic emission of majority carriers 
over the silicon barrier or minority carrier inoection 
is not the probable transport mechanism b »cause of the 
following reasons. First, the diode ideality factor is 
Bjuph higher than 1.0 and depends strongly on temperatuie. 
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Second, a plot of InJ^ ’vs has been found bo be 

strongly non-lxroar, indicatxng that an activation energy 

IS not involve'""' in "che dooain'^nt mechanisn of carrier trans~ 

port. Also, for mino.'-ity car">'’-L',‘r injection, much smaller 

values of Jq can be eypected for moderately doped 

somiconduc'bors. Thernionic field emission is also ruled 

out, becou !3 "r!!} is independent of temp:rabure and InJ^ vs 

1/nT IS a venbical plot [14j. This leaves field emission 

til ■w ^h bho silicon barrier as the possible transport 

inec ^iiism. This conclusion can be arrived at because of the 

fact that. In vs T plot is linear, and nT is independent 

of temperature [14,1®]- However^for moderately doped 

semiconducbors , and at high device temperatures, field 

emission is not the probablo raechanimr> [6], This type of 

behaviour has been observed by several workers [5,19-21], 

It has been suggested th^b, in presence of largj number of , •> 

traps in silicon berrior region, multistep tunneling is a 

is assumed to be dominant, 

probable mecanism. If this mechanism/ then from Bq.2,9» 
the vaiues of A and B come out to be 18 ¥ ^ and 0,04 K 
respectively. In comparision, for A1 p-Si MOS diodes on 
polysilioon, the value of A obtained was 22 V ^ and that 
of B w.is 0,052 [5]. For SOS diodes fabricated by 

chemical spraying of ITO on n-type silicon, the value of 
A obtained was 23 and that of J3 was 0.05 K ^ [5]. 

This indicates that, the values of A and B obtained for 
device Au 56 P B5 do confirm to the reported values. For 
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multistop t^inocliiv; procose, o° is responsiTole for the 

1 

change in with tenpvjrrtnre [21]. It can he seen that 
t\ 9 ° betwoen 307 to 425 °K is 0.20 7, cf . , Table 4.4 » 
whereas the corresponr'Txig TOltoge displacement in the 
lnI^"V characteristics is 0.26 7, cf . , Pig. 4.13. Hence 
the change in wit’'^ temperature cen be explained by 
ii 9 ^ . The ezistanco of a large number of trap 'levels 
in j-Olysilicon cc,n arise doe to the presence of grain 
boundaries, d '.sloc^tions and other dofocts. 



Tatile 4.1i Experimentally obtained values of various parameters of an /DS 
device A1 1 B2 
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The area of t^ixs device vas 1.2x10 cm 
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labie 4.4; Experimentally obtained values of various parameters of -n i:os 
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4.2 G-ra in bound ^sjtud :^e,s 

4.2.1 ^J’P,S3_ firain b ound a r le s 

Studies have been earned oub to investigate grain 

i 

boundary potentisl barriers in Wacker pol^/silicon and 
Monsanto pol3^sil lco 31 material. The bulk resistivity of 
Wacker p-type and n-tj^pe polysilicon wafers was 1.0-10,0 
Ohm, cm., while for Monsanto p-type it was 0.1-0, 5 Ohm. 
cm. Pigs, 4.10 and 4.10 display current -volt age character- 
istics for typical devices fabricated on Wacker n-type 
and p— type polysilicon, respectivelsr. The ohmic contact 
metal was gold for p-tyt e polysilicon and aluminum for 
n-bjj’pe polysilicon. The 1-7 measurements were carried 
oub b^" incorporating different number of grain boundaries 
between contacts. These characteristics show essentially 
an ohmic behaviour regardless of the number of grain 
boundaries inb'etweon’' convacts. The resistance involved 
is of the order of 100 Ohms which can nearly be accounted 
for by the bull: resistivity of the material. This shows 
that the grain boundaries in Wacher polysilicon are devoid 
of large barriers resulting from uncompensated charge, 

' Pig. 4. 20 depicts the 1-7 characteristics of 
a representative device on Ifonsanto p-type polysilicon. 
Silver was used as an ohmic 'contact metal. The 1-7 
characteristics show lon-ohmio behaviour in high bias 
region; It can be seen that current across grAis boundary 
decreases as the rumbe;' of 'grain bounddries lncoi*pordted 
"jee-i. conbaCts' inczoasos. This can be due to 'the 

eCfebt of grain boundary pobential barriers on the carrier 

/ 

trans^iort. 7ery high resistance in the linear region of 
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I“V cliaracte r istics has been observed. It can also be 
noted that the I-V characteristics are asyometric and 
asymoietrj’' exists even in case of t-wo contacts without 
any gram boundary incorporated 'anbetT-reen them. According 
to the simple model described in sec. 2,2,1 lor carrier 
transport across grain bou-'darj'', this may not be due to 
grain boundary potential barrier. However, the transport 
properties of carriers can be considerably modified bsr 
the exist ance of additional barriers in the material arising 
due CO various impurities and other deCeets, which are 
incorporated during the growth process. Also, it is probable 
that silver may be forming a low barrier on p~type poly- 
silioon, 

4,2,2 Effec t of. gra in bo u ndaries on electrical character - 
igtigs. 

Tables 4,5 and 4,6 contain, representative experim- 
ental data obtained from lOS solar cells on n-type polysilicon 

with gold and silver as barrier metals, A number of cell 

mm 

arrays consisting of 0.5, and 1,0/dots have been fabricated 
to study the influence of grain boundaries on device 
parameters. The thickness of the barrier metal layer was 
varied between and 120 The contact was made to the 
dots With the help of a very sharp tip telescppic probe. 

values of short-circuit current density, fill factor, , 

Bpd .c(mversion eff iciendy of the cell could not be deter- 

* t , 4 , ^ 

mned acwxutely because of the shadowing effect of Ihe 
,pro^>©f, ,The i^easured Inlj^-V and l/C^rY, characteristics 
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of various dots la array Au 56 P, have been displayed in S'ig.4.21 
and 4.22, respectively. Pigures 4.23 end 4.24 depict the meaBured 
Inl^-V and 1/C^-V charac b eristics of various dots in array Ag 32 P. 
It IS evident from Tables 4.5 and 4.6 that there is a week influen- 
ce of grain boundaries on open circuit voltage. However, in presen- 
ce of large number of grana boundaries and defects, the value of 
open circuit voltage is consideroblsr loirer. The diode ideality 
factor seems bo be higher in presence of grain boundaries. This 
may be due to higher value of recombinaf ion currents and a larger 
denoi'C 3 ^ of inberface states [25]. Tlie value of series resistance 
IS nob affected iiuch by bhe grain structure. It can be observed 
that the value of barrier height obtained from 1/C ^-7 characteristn-^ 
ICS decreases -^ribh increasing number of grains, cf . , Tables 4.5, 
and 4«o. This has also been reflected in the values of the barrier 
height, ootained from bhe Ij^-T data of array Ag 32 P,cf, , Table 
4,6. However, for array Au 56 P, the values of the barrier height 
obtained from the 1^,-7 data do not follow any particular trend, cf», 
Table 4.5. It can be noticed that the large values of barrier 
height and nice Ijj-V characteristics are obtained on ¥ackor poly- 
silicon. It may be expected that the grain boundaries will influence 
the co'llection efficiency of the photogenerated earners. The 
influence of grain boundaries and other defects as recombination 
sites has been studied by a photon beam scanning ai^angement. Large 
area M)S solar cells with diameter 5 to 7 mm have been fah?ieated 
op. Waoker h'^type pol^silioon with gold and silver as barrier metals. 
Tfe® thickness O’f the ha.mst metal layer was varied between 50 and 
P^otem-beam- induced cuirent /a» the was 

^ />i| j- I j I ^ 
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scanned by a very fine beam of light of less than 0.5 


mm in diameter. The variation of the light generated current 
observed has been about 7 to 9 percent in the region of 
large number of grain boundaries, while it was about 2 to 4 
percent in the -egion of one or two gram boundaries. It can 
be noticed that the defect contribution to device performance 
by recombination mochanism is not pronounced for ¥acker 
polysilicon material. This also has been obeervod earlier 
by C.V. Han Rao et al [26], 



4..5; Influence of gram boundaries on -various parameters of MOS 
polysilicon cells* 


44 



C-- 

O 

CO 


VD 


o 



a^ 



!>- 


CO 


• 

ft 

ft 


♦ 


a 


o 

o 

o 


O 


o 

le !> i 
















1 

0'\ 

o 

(0 


VD 


LO 

FeO ■ 

oo 

o 

CO 


OD 


00 

let {> 


* 

ft 


ft 


ft 

4- 

o 

o 

o 


O 


o 

> H 








S' 








w 1^ 


LTi 

CM 


o 


o 

f 

VsD 

MD 

VO 


VO 


VD 


• 

• 

ft 


ft 


ft 

s. ^ 

o 

o 

o 


o 


o 

y Hi> 1 








S' ^ \ 









ir\ 

LO 

VO 


VD 


LO 


C\i 

CM 

CM 


CM 


CM 


« 

• 

ft 


ft 


ft 


O 

o 

o 


O 


O 

m ^ ; 









LTk 

LO 

LO 


LO 


LO 

* 

r~i 

r-i 

iH 


jH 


rH 


o 

O 

O 


o 


O 

* 

r — 1 

H 

H 


H 


H 


X 

X 



k 4 

1 i 


K 


t- 

l>“ 

VO 


CO 


t> 


VJD 

VO 

to 


H 


vo 

o B 


• 

• 


ft 


ft 

uJP ^ 

iH 

H 

rH 


rH 


rH 










O 

O 

VO 


VD 


00 



to 

VO 


VD 


LO 


« 

• 

• 


ft 


ft 


H 

H 

H 


H 


r4 



OD 

CM 


VO 


CO 

S s . 


CO 

LO 




to 

eg & o 

» 

# 

« 


ft 


ft 

w : 

> 

O 

o 

o 


o 


Q 

\ 








! 


CO 

VO 


CM 


00 

o S 

l> 




VO 


VO 

5 

> t 

to 

to 

to 


to 


to 

ci3 

to 

to 

to 


to 


to 

<i> ! 

f 

1 

1 


! 


1 

u ^ » 

o 

o 

o 


O 


o 

< CM 

H 

H 

H 


rH 


rH 

a 

>4 

M 

H 


M 


X 

-P o 

O 

O 

O 


to 


to 

O w 

« 

♦ 

ft 


ft 


ft 

P f 

CM 

CM 

CM 


rH 


rH 

i 








^ t 



H + 


•H 



o 





hr- 






4^ CQ 


-P 

0 


*r3 



0 
-H H 


+ 

0 

H 


-p 




0 




(15 ^ 


03 

ra m -p 

m 

to 

CQ 

o : 



irJ o 

a ^ 


o 

-H 


H ^ 

Q 

*H 


rH 


to 

0 

(to P «44 

0 ^ 

0 



P 

H O 

0 


o 

u 

43 

m 

t(D 



ti) 

p ; 

! 

CM 

CM 


to 



a> 

t 

[ 

! 

Pi 


« 





O ‘ 

MO to 

CM 

H 


LO 


LO 

H O 4> 

in p 






oq 

i> o 








to P 








P 1 — 4 j 

<a| 








Itelysilicon material was n-type (Wacker Chemitronic) and had a bxilk resisbivity of 1.0 
10*0 Ohm, cm. Surface etching was carried out in a mixture ol 0^4 and HnO^ xor o 

minutes. Dry oxidation was carried out at 700^0 for 60 seconds. 



lable 4 . 6 : Influence of grain boundaries on varroue parameters of MOS polysilicon 
cells. 
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5. COWCJiUSXOiJl 

IIOS d?.ocles were fabric, ted both on single cr 3 '‘stal 
and polysilicon substrates with an ii^terfacial layer thickness 
of about 20 £ . The barrier metal was Au on n-type sili- 
con, and A1 on o-byne siH icon. The carrier transport 
me c hams. as in these devices were investigated by carrying 
out measurements of diode current^- voltage characteristics 
and capaci'cance-voltage characteristics at various 
temperatures. The activabion en 8 rg 3 ’" analysis was carried 
out by plotting: IhJ^ v.as a funcbion of l/T, and 1/nT. 

Plois of InJ^ vs T were also made. In all these devices, 
the -values af silicon band bending at -zalro bias, obtained 
from 1/C^-Y charact arn sties showed a decrease with increasing 
temperature. In A1 MOS diodes on p-tj^’pe B.ingle crystal 
silicon, the change in 4 )^ irith temperature vras more or 
less expl-ainod by docz*e<'»se in theba.ndgap, and shift 
in the Peimii level |)osition. However, in MOS diodes on 
polysilicon substrate, it ares observed that the total 

change in 9 ° over the temperature range of study, was 
i 

larger than that observed in case of A1 IDS diodes on 

single crysbel silicon. This change in 9 ° could not 

i 

be accounted for by the decrease in the silicon bandgap and 
the change in bulk lermi level with temperature. From, 

^ ift 

experimental data, wa,s also found to decii'J^se 

with mere, as mg temperature. This behaviour of ( 9 ®' -i- 0^) 
could not be explained by consAderii^ the change* in intterfaoe 
state charge with the chang® in Feomii level ^asi‘ta,oin with 
temperature. 



47 


In ca,se of 11 MOS diodes on p-type single crystal 
silicon, InJ^ vs l/I and 1/nT plots vere found to be eoually 
line ir. The variation of InJ^ ‘iTith. temperature w^^s a non 

I 

li-car f'u.ncuion, Tin, a- indicated the absence of field 

of 

emission component. Also, ’che nature/ nkT/q vs kl/q plot 
rovealed that bhorffionic eaission maj' be the dominant 
transpor't mechanism. However, the v'^lue of the barri'r height 
obtained from the sa,tu.ration current value, assuming therm:- 
ionic omission, was found to increase with temperature. This 

was quite op'nosite to the behaviour of (9^ + with 
temperature. The r -suits indicated the difficulty encount- 
ered in analysizing results. One common feature observed in 
devices on polysilicon was that, the InJ^ vs T plot was always 
linear, Tiis indicated the presence of a tunneli'»'g^ compo- 
noht an xDS diodes fab no rated on pol/silicon. In case of 
jD. hOS diodes on p-type polysilicon, and in one set of Au 
MOS diodes on n~t3?po polysilicon, InJ^ was found to be 
linear ■vith respect to l/nT rather than 1 /T. This 
together with the nature of "vs 1/T and InJ^ vs 

1/nT plots showed that thermionic field emission could be 
the dominant transport mcchnnism. The nature of nkT/q vs 
kT/q plots might lend one to believe that, thermionic 
emission could be the dominant mechanism. However, it 
should be noted that in presence of thermionic field 
omission, the plot of nkT/q vs kT/q deviates from linearity 

in low tomper'^ture range. But, -^t higher temperature?, 

tho nature of this plot docs not differ from that 
^ * V ’ observed in the 

f^hormionic emission. An unusual, feature wasAb-I^-V 



48 


bh'-rrcb oristicc of some Au MOS diodos on polysilicon. The 

following typic ->1 boliayiour wns notxced for these devices. 

The decronse in 9 ° wns very-lirgo, nnd nT -w-s constant 

rather thnn n. Also , the plot of InJ^ vs 1/T ¥-^8 strongly 

non lincnr. The v^rintion of InJ with T w'^s linop,r. From 

o 

tho noturv^ oC these plots end cxoGrimentpl d-^tn, it was 

concl'u^Gd that th 3rj:aonic omission, th.rmionio field 

emission, or minarits?' carrier injection could not bo the 

dominant transport mochanism. In those devices, the chnnge 

in with tomporrture could be expln,ined by the corresponding 

v-iri-^tion of 9 ^. Tho observed behavi-onr in these devices 

1 

w*'S similar to wiiat had been noticed by several workers 
e^'i'lier [ 5 fl 9 ^ 2 l], and indicated the possibility of 
multistep tunnolin'j through”' tho silicon space charge 
layer as tho dominant transport mechanism in presence of 
large number of traps in polysilicon material. From 
tho experimental data collected , and on the basis of 
bheoretical discussion, it became clear that' the dominant 
transport mecha-iirm could depart from thermionio emission to 
thermionic field omission to m^ltistep tunnelii^ depending 
upon tho magnitude of a 9 ° pn(| presence of traps in the 
silicon sp^ce charge layer. The study also stressed that 
sufJiciont caution should be exorcized before drawing any 
firm conoLasion '^bout the dominant carrier transport 
meci-'nism* The study of grain boundary potential barriers 
revealed that, ¥acker polysilicon material is devoid of large 
potential barriers. The measured I-V (^aragstoristics 

i - n 

sho'wed on ohmic behfv>iour, and the resistancf .involved was 
Sfecoouated for by the bulk resistlsrity of 'the material. 

0 imilar studies on I'fonsonto polysilicon material indicated the 
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possible exist ance of ^'^rain botind=!i'’3r potential barriers. 

Prom the studies carried out to investigate the influence 
of gram boundaries on electrical parameters of solar cell. 

It was foimd bhat the grain boundaries had only a weafc 
influence on open circuit voltage, diode ideality factor, 
series resistance, and barrier height in siljcon. Similar 
results had been reported earlier by S. Bhattacharya et al 
[25]. fhe mCluGnco of grain bound ario s on phot ogor’e rated 
carriers was investigated by a photon beam scaxining arrange- 
ment, and it was observed that the variation of light 
generated current was not significant in grainboundary regions. 
Ihese typos of studies established that, MOS structures with 
their inherent advmbages over p-n junction configuration, 
could be used profitably on lacker polysilicon matejpial 
for photovoltaic applications. 
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FIGUEI! CAPTIONS 

Energy bind di.igrani of rn MOS diode on p-type 
silicon. 

Energy b'^nd diigrim describing two serai-infinite 
silicon griins --nd one griin bound iry 
(a.) before joining, 

(b) after joining. 

Sequence of the fabrication steps for various 
devices. 

Circuit diagram of the set-up used for measuring 

(a) diode current-voltage characteristics, 

(b) capacitance-voltage characberistics. 
Arrangement for photon beam scanning. 

Heasured diode current -volt age characteristics of 
liOS '^lorle A1 1 B2 at different temperatures, 
Exnerimental plots of In Jq vs I/T and l/nT? 
for HOS diode A1 1 B2. 

Experimental plot of ImJ^ vs T for MOS diode 
A1 3 32. 

Measv-red 1/G^ vs V characteristics of MOS diode 
A1 1 B2 at different temperatures. 

Measured diode current -volt age characteristics 
of MOS diode A1 25P 03 at different temperatures. 
Experimental plots of IhJq vs 1/1' and l/nl for 
MOS diode A1 25F 03- 

Experimental plot of IuJq vs 1 for MOS diode 
A1 25P 03. 

Measured l/G^ vs ¥ characteristics of MOS diode 
11 25P 03 at different temperatures. 
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Fig. 4.15 
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Measui'ed diode current - voltage characteristics 
of ms riiode Au 76F 32 at different temperatures. 
Experimental plots of IuJq vs I/T and l/nT for 
MOS diode 4u 76P B2. 

Experimental plot of InJ^ vs T for MOS diode 
Au 76P B2. 

Measured 1/C^ vs V characteristics of MOS diode 
Au 76P B2 at different temperatures. 

Measured diode currenb-voltage characteristics 
of MOS diode Au 56P B5 at different temperatures. 
Experimental plots of IuJq vs 1/T and 1/nT for 
MOS diode Au 56P B5. 

Experimental, plot Of IuJq vs T for MOS diode 
Au 56P B5. 

Measured l/CL^ vs V characteristics of MOS diode 
Au 56P B5 at different temperatures. 

Experimental plots of nkT/q vs kS/q for various 
i^S diodes. 

Measured current ~ voltage characteristics 
across the gram Boundary of ¥acker n-type 
polysilicon san^le. 

l!easured current - volt^e characteristics 
tbo 

/grain Boundary of Wacker p-type poly- 
Silioon sample, 

Ileasnred current-voltage cbaraeter^Lstli^s across 
the grain houndary of Monsanto polysilicon 

sample. 

Measured diode current -voltage -ohapaoteristics of 
various dots in cell array Au 56P. 
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rig. 4.22 Measured l/C^ vs V characteristics of various 
dots in cell arraj^ Au 56P, 

Pig. 4.23 Measured c'iocie current-voltage characteristics 
of various dots in cell array Ag 32P. 

Pig, 4.24 ileasured l/C^ vs V characteristics of various 
dots in cell array ig 32P. 
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